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1.Introduction

•Direct imaging of high contrast objects:
•Huge contrast ratio: 

➡Earth-like exoplanet:2x107 (10µm) & 1010 (visible)
➡Brown dwarfs: 102 - 103

➡Disks: 102 - 103

•Small inner working angle
•High angular resolution
•High dynamic range
•Wavefront quality

>109 >106



1.Introduction

2 complimentary solutions

Coronagraph:
•Wavelength: Visible
•1 telescope of 4-8m
•Extinction ratio: 10-9-10-10

Nulling interferometer:
•Wavelength: Thermal IR
•4 telescopes of 2-4m
•Extinction ratio: 10-5-10-6
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2 complimentary solutions

Coronagraph:
•Wavelength: Visible
•1 telescope of 4-8m
•Extinction ratio: 10-9-10-10

Nulling interferometer:
•Wavelength: Thermal IR
•4 telescopes of 2-4m
•Extinction ratio: 10-5-10-6

Fiber Nuller coronagraph:
•Wavelength: K-band
•1single 5m telescope, 2x1.5m sub-apertures
•Extinction ratio: 10-2-10-3



•Demonstrator for TPF-I/Darwin :
➡First ground-based rotating nuller

•Coronagraphy :
➡Very low inner working angle

•Science :
➡Detection of faint off-axis companions

2.Fiber Nuller objectives
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•Demonstrator for TPF-I/Darwin :
➡First ground-based rotating nuller

2.Fiber Nuller objectives
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First experiment to demonstrate this technique



•Demonstrator for TPF-I/Darwin :
➡Off-axis/multi-axial recombination

2.Fiber Nuller objectives



•“Coronagraphy” :
➡Very low inner working angle

2.Fiber Nuller objectives

•Spatial resolution: λ/2B = 65 mas (k-band, B=3.5m)
•Half transmission: λ/4B = 32.5 mas



•Science :
➡Detection of faint off-axis companions

2.Fiber Nuller objectives

•Potential targets :
➡Contrast 100:1 to 1000:1(now)
➡Near future, contrast 104 (maybe better)
➡Angular separation < 150 mas



•Science :
➡Observation of circumstellar disks

2.Fiber Nuller objectives

•Potential targets :
➡Survey of hot material around mK<5 stars 
with known IR excess
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3.Layout of the instrument

€ 

Null =
Iab

Ia + Ib + 2 IaIb
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4.1. Visible nuller results

•Wavelength: monochromatic, 632.8 nm
•Best achieved null : 1.3x10-6 (770,000:1)

P. Haguenauer & E. Serabyn, Applied optics,  April 2006



4.2. H-band nuller results

•Wavelength: H-band, 1.475-1.825 µm (20%)
•Best achieved null with APS: 7x10-5 (14,000:1) 

S. Martin et al. , Proc. SPIE, 2008



4.3. K-band nuller lab results

•Best Null: 2x10-3 (500:1)
•Chromaticity limit: ~ 2x10-3 (500:1) ➡ OK for sky
•Amplitude mismatch: 5% ➡ ~2x10-4 (2000:1)

Result obtained in the nulling lab, May 2008
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4.3. K-band nuller lab results

•Requirements on the pupil rotator:
•Shear misalignment < 100 µm
•Pointing misalignment < 100µrad
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4.3. K-band nuller lab results
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•Stability of the null when rotating
➡Null depth vary between 2.7x10-3 - 4x10-3

Result obtained in the nulling lab, September 2008



4.3. K-band nuller lab results

•What about the stability between 2 ≠rotations?
➡Stability between measurements > 2.3x10-4

➡Stability measured over a couple of hours
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Result obtained in the nulling lab, September 2008



4.3. K-band nuller lab results

•Detection of a faint companion
•Companion characteristics:

•Wedge angle ≈ 15”
•Similar to 40 mas on the sky
•Wedge made of CaF2
•ΔI=[(n1-n2)2/(n1+n2)2]2=8x10-4
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4.3. K-band nuller lab results
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Result obtained in the nulling lab, September 2008

•Significant oscillations detected (6-8σ)
•Separation between the 2 peaks = 90º
•Max of oscillations consistant with ΔIcomp



Results obtained in the Nulling lab with CaF2 wedged plate, July 2008

4.3. K-band nuller lab results
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4.3. K-band nuller lab results
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4.3. K-band nuller lab results

Theory Sine fitting MCM

Pos1-Pos2 -40 -32.2 -33.7

Pos2-Pos3 -40 -46.3 -43

Pos1-Pos3 -80 -78.5 -76.7



5.Results on the sky

•Fiber Nuller run (July 2008)
•Objective #1: Measuring stellar diameters
•Objective #2: Observing a low contrast binary system



5.Results on the sky

•First Fringe on Gamma Draconis



5.Results on the sky

•Comparison with fringes of long baseline 
interferometers

P. Kervella et al.: Data reduction methods for optical interferometry 5

Table 3. κ coefficients measured for θ Cen and α Cen A.

θ Cen α Cen A

κ1A 0.7569 ± 0.0061 0.7576 ± 0.0037
κ1B 4.1231 ± 0.0160 4.1877 ± 0.0120
κ2A 1.3089 ± 0.0054 1.2790 ± 0.0044
κ2B 2.4855 ± 0.0143 2.4735 ± 0.0061

the alignment of the output spots on the LISA infrared
camera pixels between the two observations (they are sep-
arated in time by ∆t ! 1 h).

Ideally, the κ coefficients should be balanced between
the four outputs in order to maximize the efficiency of the
interference, and simultaneously to give high SNR pho-
tometric signals for the calibration of the interferograms.
The observed inbalance (that can reach up to a factor 5
in the selected sample batches) is due to the fact that
the unexpectedly fast aging of the three optical couplers
in the MONA box has increased significantly their sensi-
tivity to temperature. This effect cannot be corrected on
the coupler itself, and causes a slow (timescale of months)
but large amplitude evolution of the κ matrix. Due to the
very different time scales of these variations (months) and
of the scientific observations (hours), this sensitivity is ex-
pected to have no significant impact on the observations
other than a uniform and moderate reduction of the qual-
ity of the LISA signals.

4.2. Fringe localization

The first step of the processing is to trim the long interfer-
ogram to restrict it to a shorter segment, where the fringes
are centered. The detection of the fringes is then achieved
with the Quicklook signal QL, that is computed using the
simple formula:

QL = I1 − a I2 (3)

where a is given by

a =

∑N
i=1 I1(i) I2(i)∑N

i=1 I2
1 (i)

(4)

where N is the number of samples of the raw signals I1 and
I2. This operation attenuates the photometric fluctuations
and increases the SNR of the fringes. Once the fringes
are localized precisely by detecting the maximum of the
wavelet power spectral density (WPSD) of the QL, the
four raw signals are trimmed accordingly. If the fringes
have been found too close to the edge of the interferogram,
the scan is discarded to avoid any bias of the data. In
addition, if a large amplitude jump of the position of the
fringe packet is detected between two consecutive scans
(more than 20µm), a strong piston effect is suspected and
the scan is rejected (see also Sect. 6).

Fig. 6. Photometric calibration of the I1 signal. The raw
I1 signal is the black line in the upper part of the plot,
the photometric calibration signal κ1APA − κ1BPB is the
superimposed grey line, and the result of the subtraction
is the lower curve.

5. Photometric calibration

5.1. General principle

The photometric calibration of the interferograms pro-
duced by VINCI is achieved using the two photometric
control signals PA and PB and the κ-matrix. The cali-
bration is computed separately for the I1 and I2 chan-
nels using the following formulae (see Coudé du Foresto
et al. 1997 for their derivation):

I1 cal =
1

2
√

κ1,A κ1,B

I1 − κ1,APA − κ1,BPB

[
√

PA PB ]Wiener

(5)

I2 cal =
1

2
√

κ2,A κ2,B

I2 − κ2,APA − κ2,BPB

[
√

PA PB ]Wiener

(6)

The subscript “Wiener” designates optimally filtered sig-
nals (Sect. 5.2). This process allows one first to subtract
the photometric fluctuations that were introduced in the
interferometric channels by the turbulent atmosphere (cal-
ibration), and then to normalize the resulting signals to
the geometrical mean of the two photometric channels
P =

√
PA PB. As an example of calibration, the subtrac-

tion of κ1,APA + κ1,BPB from the original I1 is presented
in Fig. 6. The Wiener filtering of P , essential to avoid nu-
merical instabilities, is described in the next paragraph
(Sect. 5.2). After the normalization, I1 cal and I2 cal are
apodized at their extremities, to prevent any edge effect
during the numerical wavelet transform.

5.2. Low pass filtering of photometric signals

The normalization by the P signal is a critical step of the
calibration. If P presents too low values (“zero crossing”),
the divisions of Eq. 5 and 6 will amplify the noise of the



5.Results on the sky

•Measuring stellar diameter with a nuller
•Leakage = πθ2B2/λ2 



5.Results on the sky

•Alpha Herculis
•Diameter = 32 mas
•Null depth: 3.86x10-2

•Gamma Draconis
•Diameter = 10.9 mas
•Null depth: 4.7x10-3



5.Results on the sky

•Measuring a null limited by the observed object

White noise around the 
null

The noise only increases 
the leakage
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✓Gamma Draconis, 10.9 mas, Null = 4.7x10-2

Null sequence generated by FNSim
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5.Results on the sky

•Measuring a null limited by the observed object
✓Gamma Draconis, 10.9 mas, Null = 4.7x10-2

Null sequence generated by FNSim

How??



5.Results on the sky

•Number of points per null depth interval
•2 Max: 1 is the null, the other is the contructive fringe

Data obtained with FNSim
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5.Results on the sky

Data obtained with FNSim

•Number of points per null depth interval
•Null = mid-max point
•Measured null = 4.6x10-3 ± 0.5x10-3
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Data obtained with FNSim

•Number of points per null depth interval
•Null = mid-max point
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5.Results on the sky

•Scientific results
•6 Observed star



5.Results on the sky

Results obtained at Palomar on Gamma Draconis, July 2008

•Impact of the Fringe Trackers on the null



5.Results on the sky

Fringe tracker OFF Fringe tracker ON

•Fringe tracker cut off frequency: 50-100Hz
•Gain: SNR improved by at least 10
•Improvement: ➚cut off at 200Hz ➡ SNRx10

Results obtained at Palomar on Gamma Draconis, July 2008
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6.Future developments

•Improvement of the sensitivity
•Beam compressor
•Better detectors
•Bigger telescope
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6.Future developments

•Improvement of the achromaticity
•We are limited by the chromaticity to 2x10-3

•Achromatic phase shifters (half-wave plates)
•Possible to go down to 1x10-4 in H and K

!

!



7.Conclusion

•Multi-axial beam recombination concept is proven
•First successful run at Palomar
•Pupil rotator functionnal
•1x10-3 companion detected using pupil rotation
•“Image” successfully reconstructed
•Data analysis strategy under progress
•Ready to observe binaries
•What about a Fiber Nuller on a 8-10 m  telescope?
•4 beams fiber nuller just like TPF-I


